Introduction
In breast cancer, ductal carcinoma in situ (DCIS) is recognized as a precursor of invasive ductal carcinoma (IDC) and usually accompanies IDC, which is associated with different clinical courses and treatment strategies. 1 Breast IDC is assumed to appear de novo in patients with pure IDC; in patients with IDC with DCIS component ( IDC-DCIS), it is postulated that IDC develops from a pre-existing DCIS lesion. 2 Patients with breast IDC-DCIS are more likely to be younger, have smaller tumors, and lower probability of lymph node involvement. [3] [4] [5] In addition, more patients with breast IDC-DCIS have nonpalpable tumors or are screen detected. 2, 5 Based on mammography screening, DCIS component is present in 30%-60% of breast IDC. [6] [7] [8] [9] [10] Therefore, patients with breast IDC with DCIS component may have less biologically aggressive disease than patients with pure IDC of the breast. However, the question of whether IDC-DCIS affects the clinical outcome in patients with breast cancer is important, but has not been well studied.
The concordant expression of immunohistochemical [11] [12] [13] [14] and genomic [15] [16] [17] markers supports the clonal relationship between breast DCIS and IDC-DCIS. However, survival in patients with DCIS in breast IDC remains uncertain. Several studies have found that the presence of DCIS is often related to favorable clinicopathologic features in invasive breast cancer, but is not an independent prognostic factor in survival outcomes, including locoregional and distant recurrence and disease-specific death. 2, 4, 5 In contrast, other studies have found that breast IDC-DCIS is associated with higher rates of local recurrence due to a higher incidence of positive surgical margins. [18] [19] [20] In addition, patients with breast IDC-DCIS had better clinical outcomes compared with patients with pure IDC of the breast, 3, 8, 21 which may be due to cell-mediated immunologic response with the presence of DCIS. 22 Population heterogeneity and different treatment strategies may be the main causes of the conflicting results. However, there are no prospective studies comparing the clinicopathologic characteristics and survival outcomes of the IDC and IDC-DCIS subtypes in breast cancer. In this study, we analyzed population-based cancer registry data to investigate whether concomitant DCIS affects survival outcomes in patients with IDC.
Materials and methods Patients
We retrospectively analyzed data from the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program between 2010 and 2014, which is a collection of de-identified data from 18 cancer registries in the USA covering ~28% of the population. 23 The SEER database includes information on patient demographics, clinicopathologic characteristics, first course of treatment, and followup for vital status. We received permission to access the SEER database (Authorization No. 11025-Nov2016). We included adult female patients with primary nonmetastatic breast cancer with IDC where the DCIS component was mentioned (ICD-O-3, 8500/3). We excluded patients whose demographic features, clinicopathologic variables, and surgical procedures were unknown. The ethics committee of the First Affiliated Hospital of Xiamen University approved this study.
Demographic and clinicopathologic variables
The following variables were extracted from the SEER database: age, race/ethnicity, tumor grade, tumor (T)-stage, nodal status, breast cancer subtype, radiotherapy, chemotherapy, and surgical procedure, including breast-conserving surgery and mastectomy. The TNM classification was based on the seventh edition of the American Joint Committee on Cancer/Union for International Cancer Control breast cancer staging system. The T-stage was defined as the entire tumor size because the size of invasive component was not stated in the SEER program. Four major subtypes of breast cancer subtypes were defined as follows: hormone receptor (HoR)+/human epidermal growth factor receptor 2 (HER2)−, HoR+/HER2+, HoR−/HER2+, and HoR−/HER2. The HoRpositive disease was defined as estrogen receptor (ER) and/ or progesterone receptor (PR) positive. Patients were classified into three groups in accordance with the DCIS component: No-DCIS, no DCIS component reported; L-DCIS, minimal DCIS component present (<25%); and H-DCIS, extensive DCIS component present (≥25%). The patterns of local and distant recurrence were not included in the SEER database. Therefore, we used breast cancer-specific survival (BCSS) as the primary survival outcome. BCSS was defined as the time from initial diagnosis to the date of breast cancerrelated death.
Statistical analysis
The c 2 test and linear-by-linear association for frequency distributions and one-way analysis of variance for continuous variables were used to compare differences in DCIS component status. The BCSS among the groups was estimated using the Kaplan-Meier analysis and compared by the log-rank test. Cox proportional hazards regression model analyses were used to identify the risk factors for BCSS. As most variables may not be equally distributed between the groups, we used propensity score matching (PSM) to minimize potential selection bias between the groups. 24 The PSM is a useful statistical method that focuses on the relationship between confounding factors and the treatment, allowing the analysis to be performed almost completely without reference to 
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Prognostic value of DCIS component in IDC the results variable, avoiding the possibility of the selected statistical method being affected by the outcomes of the analysis to the maximum extent. [25] [26] [27] In this retrospective study, propensity scores were calculated using a multiple logistic regression model for each patient with an algorithm of 1:1 matching based on the following variables: age, race/ ethnicity, tumor grade, T-stage, nodal status, breast cancer subtype, and surgical procedure. Statistical analyses were performed using SPSS version 22 statistical software (IBM Corporation, Armonk, NY, USA). p-value <0.05 was considered statistically significant.
Results
We identified a total 61,745 patients with a median age of 61 years (range, 18-108 years), and a total of 44,630 (72.3%), 13,559 (22.0%), and 3,556 (5.7%) had No-DCIS, L-DCIS, and H-DCIS, respectively. Table 1 lists the patients' characteristics before PSM. Descriptive and correlational analyses using c 2 test, one-way analysis of variance, or linear-bylinear association indicated that patients with H-DCIS were more likely to be younger (p<0.001), have smaller tumors (p<0.001), early T-stage (p<0.001), well/moderate differentiation (p<0.001), and HER2-positive disease (p<0.001), Figure 1A ). The other independent prognostic factors were age, race/ethnicity, tumor grade, T-stage, nodal stage, breast cancer subtype, surgical procedure, radiotherapy, and chemotherapy ( Table 2 ). The survival difference in patients with No-DCIS and H-DCIS was analyzed using PSM. A total of 3,498 pairs were completely matched. Table 3 shows the patients' characteristics after PSM. Adjustment by age, race/ethnicity, tumor grade, T-stage, nodal stage, breast cancer subtype, and surgical procedure showed no significant difference in BCSS between No-DCIS and H-DCIS (HR 0.923, 95% CI: 0.653-1.304, p=0.650; Table 4 ). Figure 1B shows the survival curve in the matched group (log-rank test, p=0.731).
The survival difference according to the surgical procedure between No-DCIS and H-DCIS after PSM was further analyzed. The presence of H-DCIS was not associated with survival outcome compared to No-DCIS in the breastconserving surgery group (p=0.295) and the mastectomy group (p=0.793).
Discussion
The role of IDC-DCIS in the clinical outcome of patients with breast cancer has not been well studied. We used a population-based study to investigate the clinicopathologic features and prognosis of DCIS component in patients with breast IDC. Our findings suggest that patients with H-DCIS have unique clinicopathologic features compared to patients with No-DCIS, and patients with H-DCIS were associated with favorable BCSS as compared to No-DCIS patients before PSM. However, the survival advantage disappeared after PSM.
There is no consensus on the clinical characteristics and prognostic implications of breast IDC with DCIS. It is now widely accepted that patients with breast IDC-DCIS are more likely to be younger, have smaller tumors, and lower incidence of lymph node metastasis. [3] [4] [5] Our results also showed that patients with accompanying DCIS showed a higher proportion of younger age and had small tumors, while the status of lymph nodes was not significantly different between the groups. Moreover, patients with DCIS component were more likely to have no palpable tumors and be screen detected. 2, 5 Our results are similar to the concept that patients with tumors originating from in situ lesions may be less biologically aggressive than the patients with entirely invasive tumors.
The expression of ER, PR, HER2, and Ki-67 between No-DCIS and IDC-DCIS of the breast remains controversial. [2] [3] [4] 8, 21 Some studies found that patients with accompanying DCIS had a higher expression of ER, PR, and HER2 compared to patients with No-DCIS. 2, 4 However, several studies also indicated that the expression of ER, PR, and HER2 was not associated with accompanying DCIS in IDC 
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Wu et al of the breast. 3, 8 Similarly, there have been several controversial studies regarding the expression of Ki-67 between No-DCIS and IDC-DCIS. 2, 21 In addition, opposite results were also found with regard to tumor grade between the groups. 5, 8, 28 The results of our study suggested that patients with H-DCIS were more likely to be of lower tumor grade and with HER2-positive disease compared to patients with No-DCIS. The heterogeneity of the population and the difference in sample size may be the main reasons contributing to the contrary results of the above studies.
In breast cancer, extensive DCIS is defined as prominent DCIS occupying at least 25% of the invasive tumor. 29 The SEER database recorded the DCIS component data after 2010, classifying the extent of the DCIS component as No-DCIS, L-DCIS, and H-DCIS. Cedolini et al found that invasive cancers with H-DCIS were associated with longer disease-free survival and lower local recurrence rates. 21 However, several studies have found that the presence of DCIS was not an independent prognostic factor in survival outcomes, including locoregional and distant recurrence and disease-specific death. 2, 4, 5 The results of this study are similar to those of the study by Cedolini et al, 21 indicating the patients with H-DCIS had better BCSS compared to patients with No-DCIS before PSM.
The PSM is becoming an advanced statistical method to control potential confounding effects in any retrospective study. The difference between traditional statistical method and PSM is that PSM relies on the exposure effect model, while traditional statistics method depends on the model being analyzed. 30 This study used PSM to assess the association between DCIS component and breast cancer survival. To obtain more reliable outcomes, we used seven covariates including age, race/ethnicity, tumor grade, T-stage, nodal status, breast cancer subtype, and surgical procedure. Before PSM, the survival advantage in patients with H-DCIS may be related to the favorable clinicopathologic features, which could explain why the survival advantage disappeared after PSM. Therefore, DCIS-IDC may not necessarily lead to more favorable survival compared to IDC in breast cancer due to the similar genomic profiles. [14] [15] [16] [17] Cancer Management and Research 2018:10 submit your manuscript | www.dovepress.com
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Prognostic value of DCIS component in IDC Despite this being the largest study to assess the prognosis of the coexistence of DCIS in IDC of patients with nonmetastatic breast cancer, our results should be interpreted with caution due to several important limitations. First, there is inherent bias in any retrospective analysis. Second, the tumor samples were not analyzed with central pathologic review. Third, the median follow-up was only 27 months, which is too short to expect significant differences in BCSS; this may be due to the reason that the DCIS component was started to be collected in SEER program after 2010. In addition, the size code about the invasive and in situ components of breast cancer was defined as the entire tumor size because the size of invasive component was not stated. However, the primary strength of this study is that it is the largest population-based cohort to date to investigate whether concomitant DCIS affects survival outcomes in patients with IDC, allowing to minimize the selection and surveillance biases from single academic institutions.
Conclusion
In conclusion, our results suggest that the H-DCIS patients have unique clinicopathologic characteristics compared to patients with No-DCIS of the breast. Before PSM, H-DCIS was associated with favorable BCSS compared to patients with No-DCIS. However, our study also provides compelling evidence that the DCIS component in breast IDC does not affect survival after PSM. More studies are needed to confirm our results. It has been reported that patients with breast IDC-DCIS are less likely to undergo breast-conserving surgery, 2, 4, 21 which is similar to our results. Given the diffuse features of DCIS, positive surgical margins are more likely in patients with DCIS-IDC after breast-conserving surgery, 18, 20, 31 which may be associated with a higher rate of local recurrence and potentially worse survival. However, in patients who underwent mastectomy without adjuvant radiotherapy and chemotherapy, IDC-DCIS was an independent prognostic factor of decreased local recurrence compared with IDC alone, but not for distant metastases. 3 Due to the limitations of the SEER database, we could not obtain the local and distant recurrence patterns. Nevertheless, we did not find that patients with IDC-DCIS had better BCSS than patients with No-DCIS after breast-conserving surgery or mastectomy. 
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